Abstract Spontaneous migration of a retained bullet is rare. We are presenting here a case of a 24-year-old male with spontaneous migration of bullet from arm to forearm. At the time of initial injury, bullet was left inside the arm as it was deep and patient had no complaints. Three months after injury, he started complaining of pain over forearm and tingling sensations in the forearm and hand over median nerve distribution. Radiographs showed bullet in the proximal forearm. The bullet was than precisely localized and removed under ultrasound guidance. This case report emphasizes the fact that spontaneous migration of bullet in extremities may occur and have the potential to cause neurovascular damage. Removal under ultrasound guidance is a viable option in such locations.
Introduction
Migration of a bullet to a distant part of the body after gunshot injury is rarely observed. This migration may sometimes lead to neurovascular injury. We report a case of spontaneous migration of bullet from the arm to the forearm 3 months after a gunshot injury. The retained bullet started to cause irritation of median nerve leading to tingling sensation over the distribution of median nerve. The bullet was precisely localized and removed under ultrasound guidance.
Case report
A 24-year-old man presented to us with gunshot injury to right arm. The injury was 6 h old at time of presentation. The patient had a history of sustaining the injury with a revolver while he was trying to run away from the shooter. He was fired from a distance of 4 feet. At presentation in the emergency department, he was conscious, oriented and cooperative. Patient was ambulatory and all vital signs were stable.
On physical examination there was a single entry wound on anteromedial aspect of right arm, 5 cm distal to the axilla. There was no exit wound. The skin next to the entry wound was swollen, but there was no active bleeding. He was moving his arm, forearm and wrist with full range of motion and there was no distal neurovascular deficit. There was no clinical evidence of any fracture in the upper limb. In the radiographs, the bullet was located in the upper arm (Fig. 1) . As the bullet was located deep and the patient had no complaints, so it was decided not to remove the bullet.
After a thorough lavage and debridement of wound under local anesthesia, the wound was left open. The patient was discharged on oral antibiotics. Wound gradually healed within a span of 10 days.
The patient then underwent regular outpatient examinations and there were no fresh complaints. Three months later patient visited us with complaint of pain over proximal forearm. He also complained of tingling sensations over the volar aspect of forearm and first three digits of the hand. There was no associated motor weakness. Radiographs of the forearm were done and bullet was found in proximal end of forearm (Fig. 2) . A decision was to remove the bullet. Position of bullet was initially confirmed with portable ultrasound machine (Micromaxx, Sonosite Inc, USA) with 7.5 MHz straight probe (Fig. 3) . Ultrasoundguided extraction of bullet was then done. Immediately after removal of bullet, his pain decreased significantly and the tingling sensation gradually disappeared within a period of 1 week. Follow-up after 2 weeks was uneventful with complete relief in pain and tingling sensations. Written informed consent was obtained from the patient for publication of this case report and its accompanying images.
Discussion
Migration of a bullet from its initial site to a distant site has rarely been reported. If imaging techniques fail to find bullet at the site of injury then migration in the body should be considered [2] . A bullet may migrate via several routes. It may migrate locally along intermuscular space or may migrate along vein or artery to a distant site. Ceylan et al. [3] reported a case of bullet migration following gunshot injury to the abdomen. Colquhoun et al. [2, 4] reviewed cases of bullet migration after air gun pellet injuries where in 85 % of cases, the bullets migrated along arteries, and in 80 % of cases they migrated along veins. Schmelzer et al. [10] suggested that if a bullet migrated in a vein to the heart, it could further migrate along the aorta and major arteries to other arterial branches and could cause arterial embolism in lower limbs. Morton et al. [9] described three cases in which bullets migrated from liver, vena cava, and a major vein of the lower trunk to the right ventricle or pulmonary artery. In addition to migration along the direction of blood flow, retrograde (i.e. against the blood flow) bullet migration in the venous system, although exceedingly rare, has also been reported. Michelassi et al. [8] reported that the probability of retrograde venous migration is about 15 %, with possible migration from venous system to arterial system, typically as a result of arteriovenous fistula, ventricular septal defect, or atrial septal defect.
A case was reported in which bullet reached knee joint 4 years and 6 months after the bullet was initially localized in distal third of thigh. Clinically, the patient presented with symptoms of a loose body and radiography showed an intra-articular metallic object [6] .
In our case, the bullet migrated along the intermuscular route and was impinging on median nerve which leads to pain and tingling sensations on the volar aspect of forearm and first three digits of the hand. There was no associated motor weakness. As the incision was small, no attempt was made to identify median nerve. The treatment for bullet retention and migration is inconclusive. Bullets remaining in the human body may cause various complications, such as pain, local paresthesia, claudication, gangrene, bulletinduced toxicity, thrombophlebitis, pericardial/pleural effusion, pulmonary abscess/infarction, endocarditis, arrhythmia, false aneurysm, septicemia, cerebral infarction, and mental abnormalities. Shannon et al. [11, 12] reviewed 102 cases of gunshot injuries, and found that a bullet retained in a blood vessel was associated with complication incidence of 25 % and death rate of 6 %. However, the incidence of complications is reduced to 1-2 %, if the bullet is removed. Therefore, they recommended surgical removal of the bullet. Barrett et al. [1] also suggested that removing the bullet might prevent complications resulting from vascular embolism.
Ultrasound can be used effectively to find foreign bodies as small as 2.5 mm in length [5, 7] . The easy availability of ultrasound in the emergency department makes it an excellent modality for localization and subsequent removal under its guidance. Sonography has been well studied in the evaluation of retained foreign bodies and has been proved to be both sensitive and specific.
In conclusion, retained bullet in the extremity can migrate distally. The presence of migration should be considered an indication for surgical intervention. Ultrasound examination can readily demonstrate and localize the exact size. Removal under ultrasound guidance is a simple and effective way of removing them with small incisions and under local anesthesia in the emergency department.
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